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Globalisation and urbanisation are driving the worldwide homogenisation of urban landscapes. The ﬂora
and fauna of cities in different parts of the world are very similar, irrespective of geography and cli-
mate. One of the most powerful symbols of modern urban landscapes is the lawn. There are just a few
management options for urban lawns, regardless of how they are used and where in the city they are
situated. Today, lawns occupy much of the green open spaces in cities (70–75%) and are located in pri-
vate front and rear gardens, public parks, cemeteries, golf courses and along roads. Most people in the
Western world view lawns as a ‘natural’ and even compulsory element of the urban landscape, without
questioning their social, symbolic, ecological or aesthetic values. In this article we discuss the conceptual
framework and methodological approaches being used in an ongoing transdisciplinary collaboration
project including stakeholders to study lawns in Sweden as a social and ecological phenomenon. The
overall aim is to understand the role of lawns in sustainable urban planning, design and management.
The transdisciplinary approach allows us to exchange knowledge between scientiﬁc disciplines in order
to inﬂuence the studies within each subject throughout the project and to achieve a multi-dimensional
understanding of the lawn as a phenomenon. The involvement and close collaboration of stakeholders in
the project allows us to obtain ﬁrst-hand information on planning issues connected to lawns and exist-
ing planning data from cities and to focus on true implementation aspects rather than just theoretical
recommendations.
© 2016 The Authors. Published by Elsevier GmbH. This is an open access article under the CCntroduction
Globalisation and urbanisation are the major drivers of the
orldwide homogenisation of urban landscapes. The ﬂora and
auna of cities in different parts of the world are strikingly simi-
ar, despite geographical and climate differences (McKinney, 2006;
üller and Werner, 2010). In most of the Western world, urban
andscapes have been inﬂuenced and shaped by the same land-
cape few architectural approaches, namely French formal, English
icturesque and Victorian Gardenesque and, in the 20th and 21st
entury, Modernism (Ignatieva, 2010). One of the most powerful
ymbols of these landscape architectural approaches, and thus of
odern urban landscapes, is the lawn. Only a few management
∗ Corresponding author. Tel.: +46 704587875.
E-mail addresses: ignat.m@gmail.com, maria.ignatieva@slu.se (M. Ignatieva).
ttp://dx.doi.org/10.1016/j.ufug.2015.04.003
618-8667/© 2016 The Authors. Published by Elsevier GmbH. This is an open
icenses/by-nc-nd/4.0/).BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
options have been adopted for urban lawns, regardless of how they
are used and where in the city they are situated.
Theuseof lawns inourmodern society is seenas aproduct of our
life style (Giddens, 1990). Today, lawns cover a signiﬁcant part of all
green open spaces in cities (up to 70–75%). They canbe found in pri-
vate gardens and public parks, cemeteries, golf courses and along
roads. Most people of the Western world view lawns as a ‘natural’
and even as compulsory element of the urban landscape, with-
out questioning their social, ecological or aesthetic values (Stewart
et al., 2009).
There is a common positive view of lawns as functional and
accessible areas in parks, playgrounds and private gardens. Lawns
often have symbolic value and people enjoy them (see, hear, smell
etc.), although they may be not permitted to enter or use the lawn
area. However, the intensivemanagement practices used on lawns,
such as frequent mowing and spraying of herbicides and fertilisers,
has raised awareness about their potential negative impact on the
urban environment. All previous research on urban biotopes has
access article under the CC BY-NC-ND license (http://creativecommons.org/
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hown that lawns are strikingly similar in terms of plant species
omposition and, in their modern expression, are important con-
ributors to the homogenisation of urban landscapes and loss of
rban biodiversity (Ignatieva, 2011). Most grasses used for lawns
re varieties originating from the same few nurseries or seed mix-
ures, creating habitats that have no equivalent within the native
nvironment. In the US, 23% of the entire urban land area is esti-
ated to be covered by lawns (Robbins and Birkenholtz, 2003),
2 000 t of pesticides are used by homeowners each year and 1.5
illion cubic metres of municipal water are used for irrigation of
awns each summer day. In Sweden too, lawns cover large areas
f public courtyards, parks, golf courses, sports ﬁelds and trafﬁc
nvironments.
Like everywhere else in the Western world, lawns in Sweden
re widely advertised by urban planners, landscape architects,
evelopers and mass media as a very useful consumer prod-
ct for the market. In the present project we regard lawns as
pecially constructed plant communities with a domination of a
imited number of grass and herbaceous species which are densely
lanted and depend on a special management regime (regular
owing). The lawn is designed for social (sport and recreation),
istorical, aesthetical and cultural purposes (viewing, picnicking,
laying golf and football, walking). There are intensively man-
ged lawns (frequently cut short) which we call “conventional”
nd less-frequently cut lawns which are “meadow-like lawns”.
he latter lawns are closer to natural grassland in the sense that
hey are mowed and had bigger number of species. The envi-
onmental impact of lawns largely depends on the intensity of
anagement (Cameron et al., 2012). If fertilisers, pesticides and
erbicides are used, the surrounding surface water and ground-
ater may be affected. Bolund and Hunhamma (1999) present six
ajor groups of important urban ecosystem services: air ﬁlter-
ng, micro-climate regulation, noise reduction, rainwater drainage,
ewage treatment and recreational/cultural values. Out of these
ix, the one where lawns are most important is the rainwater
rainage. In vegetation-free cities, up to 60% of the rain water
nds up as surface runoff. In areas with a permeable surface, such
s a lawn, only 5–15% of the rain water becomes surface runoff,
hereas the rest evaporates or inﬁltrates into the ground provid-
ng important soil-moisture for trees and other vegetation that
urther contributes tomany of the abovementioned ecosystem ser-
ices.
Although lawns may have positive effects on the environment,
.g. through carbon sequestration in soil (Qian et al., 2010; Zirkle
t al., 2011), the total effect on the environment may be negated by
he frequent use of mowers powered by fossil fuels. Lawns in gen-
ral could also serve as a habitat for grassland fauna, including bees
nd butterﬂies that utilise urban environments (Ahrné et al., 2009;
ckinger et al., 2009; Matteson and Langellotto, 2010). Despite
he important role of lawns in the urban landscape, there are few
omprehensive studies including their social, ecological, cultural,
istorical and symbolic values, as well as their management and
verall environmental impact.Most existing studieshavebeencon-
ucted inEurope, theUSandNewZealand,where lawnsare causing
roblems with invasive species because most lawn grasses origi-
ate from Europe (Müller, 1990a,b; Thompson et al., 2004; Stewart
t al., 2009). In urban planning and policy documents, the empha-
is is often placed on sustainable planning and the importance of
romoting ecosystem services, but since these scopes are inher-
ntly complex, they are difﬁcult to implement in practice. In order
o provide urban planners with valuable information on how this
ould be achieved, one way could be to focus on a major urban
reen element, for example lawn, and study it from different scien-
iﬁc perspectives in collaboration with practitioners. However, this
alls for interdisciplinary projects.ban Greening 14 (2015) 383–387
Transdisciplinary research on lawns
Here, we describe the conceptual framework and methodolog-
ical approaches of an ongoing project on lawns (Tress et al., 2003).
The project is a transdisciplinary collaboration including stake-
holders. The main research question “What is the phenomenon
of lawn in Sweden?” involves studying lawns from different per-
spectives. The overall aim is to understand the role of lawns in
sustainable urban planning, design and management. Ecological
knowledge, social values and norms inﬂuence the management
of urban green areas (Andersson et al., 2007) and may thus inﬂu-
ence their biodiversity, environmental impact and the ecosystem
services they provide. Without understanding the social motives
behind the strong attachment of modern Western society to lawns,
introducing potential alternative solutions and changing conven-
tional management routines can be difﬁcult. The transdisciplinary
approach allows us to exchange knowledge between scientiﬁc
disciplines in order to inﬂuence the studies within each subject
throughout the project and to achieve a multi-dimensional under-
standing of the lawn as a phenomenon. The involvement and close
collaboration of stakeholders in the project allows us to get ﬁrst-
hand information on planning obstacles relating to lawns and
existing planning data from cities, and to focus on true implemen-
tation aspects and not just theoretical recommendations.
To frame the project, we are using a multiscale approach and
studying lawns from different perspectives: from the large scale
including the entire city (estimating the total coverage of lawn as
a land use type) through the medium neighbourhood level (pro-
viding typology, coverage of lawns, their functions, values and use
in parks or backyards) to the ﬁne level of the lawn itself, with
emphasis on biotope characteristics such as biodiversity and car-
bon sequestration. The study areas were chosen within dominant
typologies of neighbourhood areas in Sweden, multi-storey hous-
ing areas and residential private houses. The pioneering character
of our research is emphasised by the broad perspective, including
qualitative studies of social, cultural and historical values and a
number of classical quantitative biological studies (biodiversity of
plants, pollinators and decomposers, and carbon balance), as well
as design considerations. All these aspects are being synthesised to
assess the environmental impact of lawns and their importance for
ecosystem services in three Swedish cities. Another very important
part of this interdisciplinary research project is the involvement of
urban planning and design dimensions, with practical output for
practitioners and decision makers who are formulating and imple-
menting municipal policies.
More speciﬁcally, the aim of the project is to obtain interdis-
ciplinary quantitative and qualitative data on lawns which will
allow us to estimate the values of different lawns and draw con-
clusions about their negative and positive environmental impacts
in our modern cities. Our ambition is not to avoid or prohibit lawn
as a phenomenon, but to critically analyse it, connect it to peo-
ple’s needs and suggest a new planning, design and management
paradigm.
Speciﬁc objectives of the project are:
• To classify and identify main types of lawns and their current
management practices.
• To estimate the proportion of lawns related to other green and
blue areas in the city, such as forests, agricultural land and water
bodies.
• To understand the motives for decisions about the establishment
and management of lawns among different stakeholders.• To examine historical and social roots, perceptions, norms and
aesthetic, symbolic and design values of current management
practices of lawns.
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To understand the role of lawns in urban hydrology and water
management.
To analyse the environmental impact (energy use and carbon
footprint) and biodiversity (plants, bumblebees, butterﬂies and
earthworms) of lawns.
To identify how to establish and manage lawns so as to promote
their provision of ecosystem services in cities (e.g. pollination),
while simultaneously reducing their environmental impact and
addressing people’s needs.
To study how different human interests and values interact (or
conﬂict) from a management perspective and how to ﬁnd sus-
tainable planning and design solutions.
We will deliver the results directly to stakeholders by provid-
ng an urban greening manual, demonstration sites and different
anagement packages for municipalities and communities with
ecommendations on how to design, establish andmanage sustain-
ble lawns.
esearch framework and methodology
We aimed to have a spatial overlap in choice of sites among
esearch disciplines, but at the same time to create amodel that can
e relevant for answering questions within different ﬁelds (Fig. 1).
he ﬁrst few months were speciﬁcally dedicated by participants
o creating an understanding of each other’s disciplines and per-
pectives. Another important part of the approach was to establish
takeholder and focus groups involving local municipality experts.
special role was given to a scientiﬁc focus group that consisted
f leading international and local experts on lawns, including an
xpert in plant–pollinator interactions, a horticultural scientist, an
xpert in grass-free lawn and a sociologist. We also involved non-
cademic participants such as different stakeholders in the project.
The quantitativemethods used in natural scienceswith replicate
amples and reproducible research layouts are also being com-
ined with quantitative and qualitative methods employed in social
cience, using interviews and surveys based on estimations and
takeholder values. These in turn are being combined with case
tudy methods used in planning science, where unique cases are
tudied with method triangulation for validating the results (Yin,
013).
The process of choosing the case studies for ﬁeld work was
irectly correlated with three historical and cultural peculiarities
hat dominate Swedish urban planning structure.Multi-family res-
dential housing neighbourhoods with signiﬁcant amounts of lawn
rea are the most common typology in Swedish cities. We also
ncluded a category of Swedish private houses (detached housing
ith private gardens). There are about 2 million such detached
ouses in Sweden, making private houseowners an important
takeholder group with potentially a wide range of views and
otives for planning, nurturing and maintaining their private
awns (Lundgren, 2001; Berg, 2004).
We chose three case study cities, situated in the south (Malmö,
80000 inhabitants), east (Gothenburg, 530000 inhabitants) and
est (Uppsala, 200000 inhabitants) of Sweden, in order to cover
ifferences in climate conditions and local culture. Within each
ity, three types of lawns were identiﬁed for study: (1) residential
awns in private (detached house) gardens; (2) utility lawns (com-
on conventional, frequentlymowed lawns); and (3)meadow-like
awns in multi-family residential housing areas (cut only a few
imes a year). Utility (conventional) and meadow-like lawns are
wo main classes differing in management intensity that have been
dopted by all Swedish municipalities. The classiﬁcation of lawns
s mostly based on the management intensity (including frequency
f cutting, using herbicides and pesticides). Usually there is alsoban Greening 14 (2015) 383–387 385
one more type of lawns, the parterre lawn, which has the highest
management intensity. Parterre lawns are uncommon in Sweden.
Insteadwe included golf courseswith lawn types ranging fromvery
intensivelymanaged teesandgreens, to fairwayswith intermediate
management intensity and roughs with the lowest management
intensity. Golf courses are also included because of their more
intensive use of purchased inputs, and because of their potential for
more sustainable management by providing habitats for grassland
species (Colding and Folke, 2009).
For calculating the percentage of the lawn coverage in the
case study cities, we decided to use existing data obtained by
LiDAR (Light Detection And Ranging), a remote sensing technol-
ogy that measures distance by illuminating a target with a laser
and analysing the reﬂected light, complemented with stakeholder
knowledge of current managed areas.
As carbon balance studies are labour-intensive, we decided to
limit our detailed research to three lawn types differing in man-
agement intensity (utility and meadow-like lawns in multi-storey
residential areas and golf courses). We researched only ‘mature’
lawns, i.e. at least 10 years old.
Methodological approach
Social, cultural and historical research
In view of the complexity and novelty of this transdisciplinary
research project, during the ﬁrst year we carried out a pilot
study to test the suggested methodology and to establish contacts
with keynote stakeholders. For the social, cultural and historical
research, we looked at the origin and history of lawns worldwide
and particularly in Sweden (we visited sites of alternative lawns in
Europe), motives behind management and establishment of dif-
ferent types of lawns, characteristics of Swedish lawns and the
perception among people of different types of lawns, the origin
of seed mixes and the peculiarities of planning, design and man-
agement practices for lawns. The methodology included: (1) A
literature review and archive survey; (2) questionnaires on man-
agement and choice of plant material, targeting stakeholders (who
plan and manage the speciﬁc lawns), people living in multifam-
ily houses and golf players; (3) interviews with private gardeners,
public planners, decision makers, politicians, landscape architects
and horticulturalists to obtain information concerning their vision,
planning, management and perception of lawns; (4) observational
studiesonhowfrequently and forwhat activities the selected lawns
are utilised; and (5) surveys: short interviews with lawn visitors to
get an idea of how lawns are perceived and utilised. In the social
science part of the study we also integrated some questions from
other teams. One of the most challenging parts of the methodology
was to put together and integrate different studies (sub-projects).
Biodiversity and environmental impact
Biodiversity and environmental impacts of differently managed
lawnsbeing studiedare speciesdiversity andcompositionofplants,
bees, butterﬂies and earthworms, energy use and carbon footprint.
Carbon sequestration is being modelled, as is the balance between
sequestration and emission of greenhouse gases (GHG), including
hidden carbon costs (GHG emissions associated with production of
mineral fertilisers, pesticides, mowing etc.) in the different lawn
types.
Within each of the three cities, we surveyed three replicates of
each of the public lawn types (utility and meadow-like lawns) in
six multi-storey housing areas. We also surveyed three manage-
ment types (fairway, rough and high rough) at six holes in two golf
courses per city. At all study sites, all species of vascular plants
386 M. Ignatieva et al. / Urban Forestry & Urban Greening 14 (2015) 383–387
Fig. 1. Components of the transdisciplinary project on lawns. The four main areas overlap greatly in terms of research questions, interactions and, spatially, ﬁeld sampling.
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sere recorded (vegetative cover and counts of reproductive parts)
ithin small plots (0.5m×0.5m). We also recorded the amount of
owers or fruits produced, as this is important for the connection
etween plants and pollinators. Species richness and abundance
f bumblebees and butterﬂies, as well as number of ﬂowers vis-
ted by the pollinators, were noted in larger plots (3m×3m). In
hese plots we also estimated total number of ﬂowers. The sur-
ey of all plots and points was conducted on two occasions during
he ﬂying season to include plants with different ﬂowering peri-
ds and pollinators with different ﬂight periods. We focused on
he grass surface, but also estimated the availability of ﬂowering
lants within a larger distance from the inventory plots, e.g. in
owerbeds. Since the organisms studied may also be inﬂuenced
y the surrounding urban landscape, we included GIS analyses of
he landscape at a larger scale, examining landscape composition
nd connectivity among grasslands.
Soils were sampled and organic carbon and nitrogen concentra-
ions, soil bulk density and roots determined. Carbon sequestration
s calculated using the Introductory Carbon Balance Model (ICBM
odel) (Andrén and Kätterer, 1997). Input to the model is the lawn
iomass production and climate data (temperature and precipita-
ion). Above-ground lawn biomass is determined through manual
utting of sub-plots within each of the two lawn types and the
olf courses. The cutting frequency mimics the management prac-
ice used on the particular lawn type. Root biomass production
stimation is based on shoot/root ratios obtained in earlier calibra-
ions of the ICBM model (Kätterer et al., 2011), as are other model
arameters such as stabilisation coefﬁcient and rate constants for
egradation.
The energy use and emissions of GHG are being assessed in a life
ycle perspective, i.e. including all relevant activities in the man-
gement chain, fromproductionof e.g. purchased inputs todisposal
ccording to a standardised ISO procedure. The energy use related
o themanagement of different lawn types such as irrigation,mow-
ng and fertilization is being investigated through interviews and
uestionnaire surveys of stakeholders, combined with a literature
earch, anddivided into different energy sources. In addition to CO2emissions related to themanagement, nitrousoxide emissionsboth
fromproductionofnitrogenmineral fertiliser andsoil areestimated
and carbon sequestration ismodelled using the ICBMmodel. Earth-
worms are important for soil conditions and soil fertility and are
being sampled in Uppsala using the mustard extraction technique
at all biodiversity sites (Pelosi et al., 2009).
Alternative design
In the ﬁrst year we established a demonstration trail repre-
senting different experimental sites of alternative lawns at Ultuna
Campus, Uppsala, as an important educational facility for aca-
demics as well as public communities. For example, these sites
contain plant communities suitable for bumblebees andbutterﬂies,
as well as meadow plants suited for wet and dry conditions. This
work relies heavily on active participation and consultation within
the focus and stakeholder groups and is based on exchange of sci-
entiﬁc and practical information from leading European scientists
and Swedish practitioners working with sustainable lawns.
The ﬁnal year of the project is intended for critical evaluation
of existing design, establishment and management practices of
conventional lawns in Swedish cities and their economic, social
and environmental effectiveness. We have also decided to analyse
existing European sustainable alternatives to conventional lawns,
such as meadow lawns (established from biodiverse mixtures
(up to 25–30 species of different grass and herbaceous species),
grass-free lawns (made by using speciﬁc mowing tolerant plants
instead of grass, (Smith and Fellowes, 2014) and pictorial lawns
(made from annual decorative plants) (Hitchmough, 2009) and
their appropriateness of using in Swedish cities. The economic
and environmental beneﬁts of such alternative lawns have been
actively discussed in recent years. The ﬁnal stage of this projectwill
result in suggestions of different practical design solutions for plan-
ning, design and establishment techniques as well as management
schemes for different types of lawns in all three case study cities.
We are not necessarily against the conventional lawns but call for
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Transdisciplinary Landscape Studies. Alterra, Wageningen.M. Ignatieva et al. / Urban Forestry
ritical evaluation and suggestion of wiser resource use in the
rban environment.
nitial results and implications for future research
The involvement of different disciplines and of stakeholders is
he strength of this project, but also makes it complex. It took time
nd a lot of effort in the beginning to understand how to com-
ine the methodologies from different disciplines and adapt them
o collective goals and objectives. Series of joint meetings, reading
ach other’s articles, collecting background information, building
etworks and creating a database of local contacts were essen-
ial starting points for the project. Stakeholder and focus group
eetings identiﬁed an urgent need for lawn research. All munici-
al managers are very supportive as well because they understand
he necessity of changing the current costly and unsustainable
anagement paradigm. However, due to the complex character of
wedish home ownership and management practice (many own-
rs and contractors are involved inmaintenance andmanagement),
he process of obtaining datawas not an easy task and took a longer
ime than expected.
The pilot study in the ﬁrst year worked well and by the end
f ﬁrst season the methodological approaches in all packages had
een adjusted and in some cases signiﬁcantly changed. For exam-
le,we foundout that in a large city suchasGothenburg, itwouldbe
ery time-consuming (costly) tomanually interpret the coverage of
ll lawns using orthophotos. In the pilot study we tried to use nor-
alised difference vegetation index (NDVI) and infra-red-spectra
o estimate the area of grass in Gothenburg. However, we found
hat the NDVI was not capable of capturing vegetation in shaded
reas and it was also difﬁcult to distinguish grass from trees and
ther vegetation, thusmaking it less usable.Moreover, not all cities
ave red spectra in their aerial photos. Using existing LiDAR data
roved to be the best method of estimating total grassland cover.
n Sweden there is national coverage of LiDAR data, and in addition
ome cities (e.g. Gothenburg and Uppsala) have their own LiDAR
ith higher resolution. We used the municipal management maps
f grasslands as references when interpreting the intensity in the
iDAR data.
In the social survey, the questionnaires for lawn visitors and
anagers/politicians were changed several times until they were
orked effectively. Establishment of a website and demonstra-
ion trail were effective visualisation and popularisation tools and
ttracted the attentionof stakeholders and thepublic at large. Some
unicipalities would like to establish new larger demonstration
ites in botanic or community gardens.
Working with an interdisciplinary approach initially needed
umerous physical meetings (as well as reading of selected arti-
les from each of the disciplines) to understand the intentions of
ther participants for the project, identify possible synergies and
e able to cooperate. It was also important to understand that in
uch projects aiming at both a broader and a detailed perspective,
herewill be compromiseswithin eachof the scientiﬁc subjects and
hey might not be able to perform as detailed studies as they would
ike.
For the success of the research aim to use the knowledge gained
n the project and implement it on the ground, it is crucial to have
lose collaboration with stakeholders and let them be part of the
esearchplanningprocess.Only informingstakeholders aboutmain
esults in a fact sheet or a scientiﬁc paper is not sufﬁcient if sus-
ainable development is to be implemented: closer meetings and
utual understanding during the scientiﬁc process are necessary.
e plan to continue working closely with stakeholders. Our ﬁnal
oal is to inﬂuence and even change the attitude towards lawns
mong professionals and the public.ban Greening 14 (2015) 383–387 387
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